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ABSTRACT  
 
 
 
 
 
 
e 
 
 
 
 
 
 
 
 
 
 
 
 
 
After the discovery of carbon nanotubes (CNTs) and their considerable 
applications, scientists have been interested to explore the properties of these 
outstanding nanomaterials in any field. Due to the different types of CNTs and 
different methods of analyses, the discovery of mechanical properties of carbon 
nanotubes are still in progress. One type of CNT which is very applicable in 
electronic field is one consisting of two connected CNTs with a heterojunction. 
Heterojunctioned CNTs are connected by an angular or conic junction. Simulation 
of CNTs in an analysis software is one way to find some of the mechanical 
properties of CNTs but for modeling of heterojunctions an algorithm should be 
considered. ConTub is an algorithm as well as online software for modeling these 
types of CNTs. In this project, different types of CNTs with heterojunction are 
created in ConTub then imported to MSC.Marc which is an analysis software, and 
some mechanical properties such as Young’s modulus, shear modulus, buckling 
behavior and natural frequency are investigated. 
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ABSTRAK 
 
 
 
 
 
 
 
 
 
 
 
 
Selepas penemuan nanotube karbon ( CNTs ) dan aplikasi besar mereka, ahli-ahli 
sains telah berminat untuk meneroka sifat-sifat ini nanobahan cemerlang dalam 
apa jua bidang. Disebabkan oleh pelbagai jenis CNTs dan kaedah yang berbeza 
analisis , penemuan sifat mekanik nanotube karbon masih dijalankan. Salah satu 
jenis CNT yang sangat berkenaan dalam bidang elektronik adalah salah satu yang 
terdiri daripada dua CNTs berkaitan dengan Heterosimpang a. CNTs 
Heterojunctioned dihubungkan dengan persimpangan sudut atau kon. Simulasi 
CNTs dalam perisian analisis adalah salah satu cara untuk menemui beberapa 
sifat-sifat mekanik CNTs tetapi untuk pemodelan heterojunctions algoritma perlu 
dipertimbangkan. ConTub adalah satu algoritma serta perisian dalam talian untuk 
model jenis CNTs . Dalam projek ini , pelbagai jenis CNTs dengan 
Heterosimpang dicipta dalam ConTub kemudian diimport ke MSC.Marc yang 
merupakan perisian analisis , dan beberapa sifat-sifat mekanikal seperti modulus 
Young , modulus ricih, lengkokan tingkah laku dan frekuensi semulajadi dikaji. 
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CHAPTER 1 
 
INTRODUCTION 
1.1 Background of Nanotechnology 
Today, in the young field of nanotechnology, scientists and engineers are 
taking control of atoms and molecules individually, manipulating them and putting 
them to use with an extraordinary degree of precision. Word of the promise of 
nanotechnology is spreading rapidly, and the air is thick with news of nanotech 
breakthroughs. Governments and businesses are investing billions of dollars in 
nanotechnology R&D, and political alliances and battle lines are starting to form. 
Public awareness of nanotech is clearly on the rise, too, partly because references to 
it are becoming more common in popular culture-with mentions in movies, books, 
video games, and television.  
Yet there remains a great deal of confusion about just what nanotechnology 
is, both among the ordinary people whose lives will be changed by the new science, 
and among the policymakers who wittingly or unwittingly will help steer its course. 
The first use of the concepts in 'nano-technology' was in "There's Plenty of Room at 
the Bottom," (Fanfair, Desai et al. 2007) a talk given by physicist Richard Feynman 
at an American Physical Society meeting at Caltech on December 29, 1959.  
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In this famous speech Feynman addressed the research and development of 
mechanical inventions at the nano scale although manipulation of atoms and 
molecules wasn't achieved at the time he gave his remarks. The term 
"nanotechnology" was defined by Tokyo Science University Professor Norio 
Taniguchi in a 1974 paper as follows: "'Nano-technology' mainly consists of the 
processing of, separation, consolidation, and deformation of materials by one atom or 
by one molecule." In the 1980s the basic idea of this definition was explored in much 
more depth by (Fanfair, Desai et al. 2007), who promoted the technological 
significance of nano-scale phenomena and devices through speeches and books.  
We define nano-science as the study of phenomena and manipulation of 
materials at atomic, molecular and macromolecular scales, where properties differ 
significantly from those at a larger scale; and nanotechnologies as the design, 
characterization, production and application of structures, devices and systems by 
controlling shape and size at the nanometer scale.  
People are interested in the nanoscale (which we define to be from 100 nm 
down to the size of atoms (approximately 0.2 nm)) because it is at this scale that the 
properties of materials can be very different from those at a larger scale. The bulk 
properties of materials often change dramatically with nano ingredients. Composites 
made from particles of nano-size ceramics or metals smaller than 100 nanometers 
can suddenly become much stronger than predicted by existing materials-science 
models. For example, metals with a so-called grain size of around 10 nanometers are 
as much as seven times harder and tougher than their ordinary counterparts with 
grain sizes in the hundreds of nanometers.  
The properties of materials can be different at the nanoscale for two main 
reasons: first, nano-materials have a relatively larger surface area when compared to 
the same mass of material produced in a larger form. This can make materials more 
chemically reactive (in some cases materials that are inert in their larger form are 
reactive when produced in their nanoscale form), and affect their strength or 
electrical properties; second, quantum effects can begin to dominate the behavior of 
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matter at the nanoscale - particularly at the lower end - affecting the optical, 
electrical and magnetic behavior of materials.  
Truly revolutionary nanotechnology products, materials and applications, 
such as nano-robotics, are years in the future (some say only a few years; some say 
many years). What qualifies as "nanotechnology" today is basic research and 
development that is happening in laboratories all over the world. "Nanotechnology" 
products that are on the market today are mostly gradually improved products (using 
evolutionary nano-technology) where some form of nanotechnology enabled material 
(such as carbon nanotubes, nano-composite structures or nanoparticles of a particular 
substance) or nanotechnology process (e.g. nano-patterning or quantum dots for 
medical imaging) is used in the manufacturing process. 
In their ongoing quest to improve existing products by creating smaller 
components and better performance materials, all at a lower cost, the number of 
companies that will manufacture "nano-products" (by this definition) will grow very 
fast and soon make up the majority of all companies across many industries. 
Evolutionary nanotechnology should therefore be viewed as a process that gradually 
will affect most companies and industries. Economist  (Berger 2009) at Merrill 
Lynch tracks a series of historical growth innovations. He argues that growth 
innovations drive the economy and the stock market and will become the main 
driving force of next growth cycle in the near future. 
These numbers have reached to 1.5 and 3 sigma. Besides total LOS, Red 
Zone LOS shows an exponential improvement in both short and long-term situations. 
The sigma level of ED red zone has rapidly increased from 1.6 and 3.1 to 4.4 and 5.9 
in short and long-term conditions.  
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1.1.1 Discovery of Carbon Nanotube 
Nanotechnology and nano-science has two major developments; the birth of 
cluster science and the invention of the scanning tunneling microscope (STM). The 
synthesis and properties of semiconductor nano-crystals and this led to a fast 
increasing number of metal and metal oxide nanoparticles and quantum dots. 
Advances in the tools that now allow atoms and molecules to be examined and 
probed with great precision have enabled the expansion and development of nano-
science and nanotechnologies. This development led to the discovery of fullerenes in 
1986 and carbon nanotubes a few years later. Meantime, these two discoveries also 
led to a fast increasing number of researches in nanotechnology, especially in carbon 
nanotechnology.  
The ability of carbon bonding with itself and with other atoms in endlessly 
varied combinations of chains and rings forms the basis of the sprawling modern 
organic chemistry. The two main types of all-carbon crystalline structure are the 
naturally occurring allotropes diamond and graphite. All attempts of the world’s 
leading synthetic chemists to prepare novel forms of molecular or polymeric carbon 
came to nothing: the elegant all-carbon structures proposed by Roald Hoffmann, 
Orville Chapman and others remained firmly in the realm of pure speculation 
(Harris). Ultimately, the breakthrough, which revolutionized carbon science, came 
from experiments on clusters formed by the laser vaporization of graphite.  
In 1980s, Harry Kroto, of the University of Sussex and Richard Smalley, of 
Rice University, came together at Rice began the now famous series of experiments 
on the vaporization of graphite. They were struck to find that C60, as shown in Fig 
1.1, was by far the dominant species in the distribution of gas-phase carbon clusters. 
C60 are spherical molecules about 1 nm in diameter, comprising 60 carbon atoms 
arranged as 20 hexagons and 12 pentagons: the configuration of a football. The 
discovery of C60, (H.W.Kroto 1985), had an impact which extended way beyond the 
confines of academic chemical physics, and marked the beginning of a new era in 
carbon science (J.Gaggott 1994, H.Aldersey-Williams 1995, H.W.Kroto 1997, 
R.E.Smalley 1997). Some of the scientists who discovered this, including Harold 
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Kroto, Robert Curl and Richard Smalley were awarded the 1996 Nobel Prize in 
Chemistry.  
 
Fig 1.1 Fullerene 
The discovery of carbon nanotubes (CNTs) actually originates from 
fullerenes. The molecules were first discovered by Iijima (S.Iijima 1991), of the NEC 
laboratories in Japan, in 1991 when he was studying the synthesis of fullerenes by 
using electric arc discharge technique. Carbon nanotubes that Iijima observed were 
so called multi-walled carbon nanotubes (MWNTs) as shown in Fig. 1.2a, containing 
at least two graphitic layers.  
Two years later, Iijima and Ichihashi of NEC (D. S. Bethune 1993, S.Iijima 
1993) and Bethune and colleagues of the IBM Almaden Research Center in 
California (IBM 2002) synthesized single-walled carbon nanotubes (SWNTs) as 
shown in Fig. 1.2b.  Since then research on growth and synthesis techniques have 
been developed to produce nanotubes in sizeable quantities, including arc discharge, 
laser ablation, high pressure carbon monoxide (HiPCO), and chemical vapor 
deposition(CVD) (Andrea Szabo 2010). Most of these processes take place in 
vacuum or with process gases. CVD growth of CNTs can occur in vacuum or at 
atmospheric pressure. Large quantities of nanotubes can be synthesized by these 
methods; advances in catalysis and continuous growth processes are making CNTs 
more commercially viable. 
 
  6 
 
         Fig. 1.2b Single walled CNT   Fig. 1.2a Multi walled CNT  
 
After the discerning and production of CNTs, even broader researches have 
been stimulated in science and engineering devoted entirely to carbon nanostructures 
and their applications. Many beautiful images revealing the intricate structure of 
multi-walled nanotubes caps, internal compartments and so on have been published. 
Atomic force microscopy (AFM) and scanning tunneling microscopy (STM) have 
proved more difficult to apply to nanotubes but some useful images (Andrzej Kulik 
2004), particularly of single-walled nanotubes, have been achieved recently. Besides 
transmission electron microscope (TEM) (Z.L.Wang 2000), Raman scattering is 
perhaps the most widely used characterization technique to study nanotubes.  
As a result, we now have a reasonable understanding of the main structural 
features of both multi-walled and single-walled nanotubes. Already, a broad range of 
theoretical studies of these hollow concentric graphitic nanotubes has been reported 
in the literature, focusing their structural properties and mechanical properties. The 
strong in-plane graphitic carbon - carbon bonds make them exceptionally strong and 
stiff against axial strains. The almost zero in-plane thermal expansion but large 
interplane expansion of single walled nanotubes implies strong in-plane coupling and 
high flexibility against non-axial strains. Meantime, a lot of reviews which provide a 
comprehensive overview with respect to the synthesis, characterization, applications, 
and the basic mechanical properties of carbon nanotube have appeared. 
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Carbon nanotubes have been the center of many researches due to their 
dimensions and remarkable electro-mechanical properties. Some commercial 
products on the market today utilizing CNTs include stain resistant textiles, CNT 
reinforced tennis rackets and baseball bats. Companies like Kraft foods are heavily 
funding CNT based plastic packaging. Food will stay fresh longer if the packaging is 
less permeable to atmosphere. Coors Brewing Company has developed new plastic 
beer bottles that stay cold for longer periods of time. Samsung already has CNT 
based flat panel displays on the market. A lot of companies are looking forward to 
being able to produce transparent conductive coatings and phase out ITO coatings. 
Samsung uses align SWNTs in the transparent conductive layer of their display 
manufacturing process. 
Indeed, NASA is developing materials using nanotubes for space 
applications, where weight-driven cost is the major concern, by take advantage of 
their tremendous stiffness and strength. Composites based on nanotubes could offer 
strength-to-weight ratios beyond any materials currently available. With the advance 
of materials synthesis and device processing capabilities, the importance of 
developing and understanding nanoscale engineering devices has dramatically 
increase over the past decade.  
Compared with other nanoscale materials, single-walled carbon nanotubes 
possess particularly outstanding physical and chemical properties. SWCNTs are 
remarkably stiff and strong, conduct electricity, and are projected to conduct heat 
even better than diamond, which suggests their eventual use in nano-electronics. 
SWCNT are also under intensive study as efficient storage devices, both for alkali 
ions for nanoscale power sources and for hydrogen for fuel cell applications. 
On the other fronts, CNTs also show great potential for biomedical 
applications due to their biocompatibility and high strength. The current generation 
of composites used for replacement of bone and teeth are crude admixtures of filler 
particles that have highly inadequate mechanical properties compared with skeletal 
tissue. CNTs are also being considered for drug delivery: they could be implanted 
without trauma at the sites where a drug is needed, slowly releasing a drug over time. 
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They are also conceivable promise in cellular experiments, where they can be used as 
nano-pipettes for the distribution of extremely small volumes of liquid or gas into 
living cells or onto surfaces. It is also conceivable that they could serve as a medium 
for implantation of diagnostic devices. 
1.1.2 Applications of CNTs  
1.1.2.1 Structural 
Because of the carbon nanotube's superior mechanical properties, many 
structures have been proposed ranging from everyday items like clothes and sports 
gear to combat jackets and space elevators. Carbon nanotubes are also a promising 
material as building blocks in bio-mimetic hierarchical composite materials given 
their exceptional mechanical properties (~1 TPa in modulus, and ~100 GPa in 
strength).  
1.1.2.2 Electrical Circuits 
Nanotube-based transistors, also known as carbon nanotube field-effect 
transistors (CNTFETs), have been made that operate at room temperature and that 
are capable of digital switching using a single electron. The first nanotube integrated 
memory circuit was made in 2004. One of the main challenges has been regulating 
the conductivity of nanotubes. Depending on subtle surface features a nanotube may 
act as a plain conductor or as a semiconductor.  
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1.1.2.3 Electrical Cables and Wires 
Wires for carrying electrical current may be fabricated from pure nanotubes 
and nanotube-polymer composites. Recently small wires have been fabricated with 
specific conductivity exceeding copper and aluminum these cables are the highest 
conductivity carbon nanotube and also highest conductivity non-metal cables. 
1.1.2.4 Actuators 
The exceptional electrical and mechanical properties of carbon nanotubes 
have made them alternatives to the traditional electrical actuators for both 
microscopic and macroscopic applications. Carbon nanotubes are very good 
conductors of both electricity and heat, and they are also very strong and elastic 
molecules in certain directions. 
1.1.2.5 Paper Batteries 
A paper battery is a battery engineered to use a paper-thin sheet of cellulose 
(which is the major constituent of regular paper, among other things) infused with 
aligned carbon nanotubes. The nanotubes act as electrodes; allowing the storage 
devices to conduct electricity. The battery, which functions as both a lithium-ion 
battery and a supercapacitor, can provide a long, steady power output comparable to 
a conventional battery, as well as a supercapacitor’s quick burst of high power—and 
while a conventional battery contains a number of separate components, the paper 
battery integrates all of the battery components in a single structure, making it more 
energy efficient. 
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1.1.2.6 Solar Cells 
One of the promising applications of single-walled carbon nanotubes 
(SWNTs) is their use in solar panels, due to their strong UV/Vis-NIR absorption 
characteristics. 
1.1.2.7 Hydrogen Storage 
Using carbon nanotubes to store hydrogen to be used as a fuel source. By 
taking advantage of the capillary effects of the small carbon nanotubes, it is possible 
to condense gases in high density inside single-walled nanotubes. This allows for 
gases, most notably hydrogen (H2), to be stored at high densities without being 
condensed into a liquid. Potentially, this storage method could be used on vehicles in 
place of gas fuel tanks for a hydrogen-powered car. A current issue regarding 
hydrogen-powered vehicles is the onboard storage of the fuel. Current storage 
methods involve cooling and condensing the H2 gas to a liquid state for storage 
which causes a loss of potential energy (25–45%) when compared to the energy 
associated with the gaseous state. Storage using SWNTs would allow one to keep the 
H2 in its gaseous state, thereby increasing the storage efficiency.  
1.1.2.8 Ultra capacitors 
MIT Research Laboratory of Electronics uses nanotubes to improve 
ultracapacitors. The activated charcoal used in conventional ultracapacitors has many 
small hollow spaces of various size, which create together a large surface to store 
electric charge. But as charge is quantized into elementary charges, i.e. electrons, and 
each such elementary charge needs a minimum space, a significant fraction of the 
electrode surface is not available for storage because the hollow spaces are not 
compatible with the charge's requirements. With a nanotube electrode the spaces may 
be tailored to size—few too large or too small—and consequently the capacity 
should be increased considerably. 
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1.1.2.9 Radar Absorption 
Radars work in the microwave frequency range, which can be absorbed by 
MWNTs. Applying the MWNTs to the aircraft would cause the radar to be absorbed 
and therefore seem to have a smaller signature. One such application could be to 
paint the nanotubes onto the plane. 
1.1.2.10 Medical 
In the Kanzius cancer therapy, single-walled carbon nanotubes are inserted 
around cancerous cells, then excited with radio waves, which causes them to heat up 
and kill the surrounding cells. 
1.1.2.11 Optical Power Detectors 
A spray-on mixture of carbon nanotubes and ceramic demonstrates 
unprecedented ability to resist damage while absorbing laser light. Such coatings that 
absorb as the energy of high-powered lasers without breaking down are essential for 
optical power detectors that measure the output of such lasers. These are used, for 
example, in military equipment for defusing unexploded mines. The composite 
consists of multiwall carbon nanotubes and a ceramic made of silicon, carbon and 
nitrogen. Including boron boosts the breakdown temperature. The nanotubes and 
graphene-like carbon transmit heat well, while the oxidation-resistant ceramic boosts 
damage resistance. Creating the coating involves dispersing he nanotubes in toluene, 
to which a clear liquid polymer containing boron was added. The mixture was heated 
to 1,100 °C (2,010 °F). The result is crushed into a fine powder, dispersed again in 
toluene and sprayed in a thin coat on a copper surface. The coating absorbed 97.5 
percent of the light from a far-infrared laser and tolerated 15 kilowatts per square 
centimeter for 10 seconds. Damage tolerance is about 50 percent higher than for 
similar coatings, e.g., nanotubes alone and carbon paint. 
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1.1.2.12 Loud Speaker and Earphone 
Carbon nanotubes have also been applied in the acoustics (such as 
loudspeaker and earphone).  
1.2 Problem Statements 
The ultimate device miniaturization would be to use individual molecules as 
functional devices. Single-wall carbon nanotubes are promising candidates for 
achieving this: depending on their diameter and chirality, they are either one-
dimensional metals or semiconductors. Single-electron transistors employing 
metallic nanotubes and field-effect transistors employing semiconducting nanotubes 
have been demonstrated. Intramolecular devices have also been proposed which 
should display a range of other device functions. For example, by introducing a 
pentagon and a heptagon into the hexagonal carbon lattice, two tube segments with 
different atomic and electronic structures can be seamlessly fused together to create 
intramolecular metal-metal, metal-semiconductor, or semiconductor-semiconductor 
junctions. It is found that a metal-semiconductor junction behaves like a rectifying 
diode with nonlinear transport characteristics that are strongly asymmetric with 
respect to bias polarity. 
The first computer program for determining the coordinates of 
heterojunctions between two arbitrary carbon nanotubes have been developed in 
2004. This software implements the topological algebra based on the concept of 
strip, a continuous subset of carbon rings containing all the topological defects (non 
hexagonal carbon rings). The user easily generates any heterojunction by merely 
introducing the indices (i,j) and length of the two nanotubes to be connected. The 
resulting structure is immediately visualized and can be exported in the protein-data-
bank (PDB) format. Two classes of heterojunctions are distinguished depending on 
whether a cone between the connected nanotubes is required. This method is 
applicable to all kinds of two nanotube heterojunctions, including Dunlap’s knees 
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and others related. In addition, this program also generates single and multi-walled 
carbon nanotubes (SWNT and MWNT). 
It is possible to synthesis all configuration of carbon nanotubes but 
investigation of mechanical properties off all configuration is not possible. For some 
simple models computational and analytical method can be used. Finite element 
method is used for complicated models and heterojunction models are categorized in 
complicated models. Modeling of these carbon nanotubes need to follow an especial 
algorithm. Contub is an algorithm and also a software for modeling of different 
configuration of heterojunction which is new and mechanical properties and analysis 
hetero junction carbon nanotube have not been considered.  
In this project, tried to fulfill a numerical method on carbon nanotubes with 
heterojunction and extract mechanical properties of these types of nanotubes. 
Procedure of all steps such as software, modeling and analyze are presented in 
chapter 3 and 4 in detail.   
1.3 Research Objectives 
The objective of this research is to develop a molecular mechanics based 
three dimensional finite element model of carbon nanotubes with heterojunctions that 
facilitates the evaluation of the mechanical properties of carbon nanotubes with 
heterojunctions under mechanical tests. For this purpose, the following sub-
objectives need to be accomplished: 
1. To create a tool for automatized generation of finite element model of 
carbon nanotube with heterojunctions. 
2. To develop a three dimensional finite element (FE) model of carbon 
nanotubes with heterojunctions based on molecular mechanics by applying data 
transfer between two software programs 
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3.  To evaluate the mechanical properties of the created models including 
Young’s modulus and shear modulus, and compare the results of the proposed FE 
model with previous ones. 
4.  To analyze the effect of different diameter and different connection 
configurations of two carbon nanotubes on young’s modulus, shear modulus, critical 
load on buckling test and natural frequency to compare with the perfect model with 
the same configuration. 
1.4 Research Scope 
The following represent the scope of the undertaken project: 
1. Literature research on carbon nanotubes with heterojunction  
2. Application of the ‘nanotube modeler’ software to generate coordinates of 
the carbon nanotubes. 
3. Using ‘MSC.Marc’ finite element software to analyze the models.  
4. Applying mechanical tests on the heterojunction models. 
5. To characterize the properties of two connected carbon nanotubes by 
simulating their molecular structures using the finite element method. 
It is essential to conduct a profound research into the previous works by other 
researchers on the subject area in order to acquire the knowledge needed in the field. 
The next chapter presents the literature review. 
  15 
1.5 Organization of Project Report   
To give a brief idea of how this thesis is organized, the structure of the thesis 
is listed below. 
Chapter  1,  the  current  chapter,  talks  about  the  topic  and  objective  of  
this research with an introduction to CNTs. 
Chapter  2  presents  a  literature  study  on  the  past  research  and  some  
results  related to this topic using various approaches. 
Chapter  3  talks  about  the  methodology  of  this  research  in  modeling  
and  evaluating the elastic and properties  of  CNT with heterojunction. A  brief  
introduction  on  molecular  dynamic  (MD),  continuum  mechanics,  fundamentals  
and  formulation  of  finite  element  method  (FEM)  is  also  presented. 
Chapter 4 discusses the results obtained from models developed in Chapter 3 
and successful validation is obtained using analytical approaches. 
Chapter 5 provides briefly conclusions and discussion on future 
work.References are collected at the end of this thesis. 
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